Detecting damages on a wider perspective for natural disasters like tropical cyclones, tornadoes, earthquakes etc. by change detection from pre-and post-disaster images has made a breakthrough in the current era, thereby making the damage investigation much faster. But this method faces a challenge on the availability of the predisaster imageries of the exact damaged location. This paper introduces a novel technology of building-roof damage detection, and quantifying the percentage area of building roof damage due to strong winds like cyclones and tornadoes from post-disaster aerial imageries alone rather than from pre-and post-disaster. Automatic texture-wavelet analysis is applied directly to the post-disaster images to get the percentage area of roof damages after a strong wind event. Correlation factor of 0.8 between visually interpreted and automatically obtained percentage area of roof damage validates the accuracy of the method. In addition, a precise identification of damaged buildings is also obtained with 82% efficiency by using artificial neural network (ANN) and 90% efficiency by using support vector machine (SVM) based classifications.
Introduction
Although for detailed information, field investigation after a strong wind damages like tropical cyclone or tornado damages is a must, but are time consuming. For quicker investigation automated computational exploration becomes inevitable in order to provide instant help to the large damaged locations as well as to access damaged remote areas.
The introduction of high resolution aerial imageries has created a breakthrough in identification of disaster affected building structures, for rescue purposes as well as reconstruction. In Womble et al. (2007) and Lakshminarasimhan (2004) , computational analysis was done on building damage detection mainly by change detection algorithm from both pre-and post-storm imageries using a histogram based statistical analysis of the image pixel radiance value. Wavelet based pattern recognition discussed in Radhika et al. (2013) and Radhika et al. (2011) , instead of ordinary statistical analysis, has improved the efficiency of identification of damaged buildings from both pre-and post-storm imageries. But these methods still faced some major difficulties such as availability of the exact location pre-storm imageries as that of the post-storm, followed by image registration procedure, in order to align the pre-and post-storm imageries for detecting the changes which is time consuming. In this paper a rapid automatic and accurate method of damaged building roof detection from the post-storm images alone, is performed by introducing a new method of texture-wavelet analysis, thereby solving the difficulties of non-availability of the pre-storm image as well as the image registration procedure. The images of building-roof after a catastrophic wind damage showed a particular pattern, which is identified by texture analysis enhanced by 2- dimensional Biorthogonal wavelet. Classification of damaged and non-damaged buildings is done using Artificial Neural Network (ANN) and Support Vector Machine (SVM). Once the damaged buildings are identified, the percentage area of damage of roof structures, which is very difficult to obtain in a ground survey, is calculated automatically. This makes the damage identification more informative. More accurate and faster the damage identification will save more lives and more building structures can be restored faster.
Methodology
The block diagram representation of the entire methodology is shown in Fig.1 . 
Image Acquisition
Aerial image data of the damaged area, shown in Fig. 2 (a) , is acquired just after the deadliest tornado hit at Saroma town in Hokkaido, on November 7, 2006 (Courtesy to Shin Engineering Consultants Co. Ltd.) . This RGB imagery is of 1/2500 of scale ratio and a 10cm/pixel resolution. The damage covered an area of roughly 200m*1500m and almost in a straight line [Cao et al., (2006) ]. For validation the field survey data were also collected, as shown in Fig.  2 
(d).

Building Segmentation
The "eagle's-eye" perspective of the damaged region covers a wider area compared to those that can be covered during field investigation. But tornado damages are much localized, for e.g. in the present case, the area of damage covers roughly 200m x 1500m [Cao et al., (2006) ]. So initially the acquired post-storm imagery is cropped at damage occurred region as shown in Fig. 2 (b), which is identified by tornado path detection [Radhika et al. (2012) ].
From the cropped post-storm imageries the buildings are segmented by utilizing color invariance property and edge detection method [Radhika et al. (2010 [Radhika et al. ( , 2012 ] as shown in Fig 
Wavelet Feature Extraction
Each segmented building samples contains raw pixel radiance data, which has a lot of hidden features needed to be extracted in order to identify the damaged buildings from the nondamaged ones. Wavelet based feature extraction on this raw data provide lossless feature information, both in spatial (time) and frequency domain [Radhika et al. (2009)] . In this paper 2-dimensional Biorthogonal wavelet, is used for feature extraction, as it is experimentally recognized as the best wavelet for identifying the texture pattern of wind damaged-roof [Radhika et al. (2010) ].
Wavelet feature extraction method includes two main steps 1. Wavelet analysis or decomposition 2. Wavelet synthesis or reconstruction using high frequency information (coefficients)
The basic decomposition steps are described in the first part of Fig. 3 , which results in one approximate coefficient matrix and three detailed coefficient matrices. The approximate coefficients contribute to low-frequency information, which gives information on smoother surfaces i.e. in the current case, non-damaged roof portions, whereas the three detailed coefficients gives information on high-frequency information, i.e. broken edges, which has a sudden gradient change in the pixel radiance. The wavelet decomposition is performed till 3rd level [Feng et al. (2000) , Akhtar et al. (2008) ] as the high frequency information gets saturated at this level. Finally the low-frequency information is removed and the highfrequency information is aggregated together so as to extract the features. This aggregation of high frequency information is performed by wavelet synthesis or reconstruction [Gonzalo et al. (2004) ]. Thus the wind damaged-roof texture pattern is extracted by wavelet decomposition and high frequency data reconstruction steps, and the entire procedure is shown in Fig.3 .
Fig. 3 Wavelet decomposition and reconstruction steps for a single damaged building sample to extract damaged-roof features
From the wavelet-reconstructed image, statistical features such as standard deviation and entropy are extracted, as these features depend on the distribution as well as the randomness of the edge pixels, respectively. The image after reconstruction with high-frequency information alone has more prominent broken edge information, which increases the accuracy of the extracted statistical features.
Standard Deviation
The broken edges of roof surfaces show higher the distribution i.e. more gradient change in the pixel radiance information, which results in higher standard deviation than the portion of the roof with intact smooth surfaces. And thus as the area of damage portions increases the standard deviation also increases. The standard deviation of red, green and blue layers of the RGB format, as well as the hue, saturation and vision information and the image intensity information of wavelet reconstructed post-storm building images are calculated.
Entropy
Randomly arranged broken portions of the damaged roof shows high irregularity when compared with other non-broken roof portions, where the pixels are regularly arranged. Therefore the measure of randomness, entropy also showed an ascending nature as the damaged area increases. The entropy of red, green and blue layers of the RGB format, as well as the hue, saturation and vision information and the image intensity information of all change detected collected building samples are obtained. For image feature, broken edge pixel count, texture-wavelet analysis is used.
Texture-Wavelet Analysis
The broken debris texture pattern is identified using Biorthogonal 3.7 wavelet [Radhika et al. (2010) , Lixin et al. (2004) ] from broken and shattered parts of building roof structures.
Following steps are involved in texture-wavelet analysis on the wavelet edge extracted and reconstructed post-storm building roof images. 1. Wavelet based broken-edge detection 2. Intensity of distribution of the broken edges detected 3. Segmentation using Otsu's thresholding method [Otsu (1979) ] 4. Percentage area of damage
Results are shown in Fig. 5 Classification 1. Artificial Neural network Classification ANN (Artificial Neural Network) is one of the latest approaches to predict and evaluate using computer models with some of the architecture and processing capabilities of the human brain. ANN classifier is trained initially and then the damaged buildings are identified. The efficiency of classification is shown in Fig. 4(a) . A comparison with conventional feature extraction method [Womble et al. (2007) ] is also done performed. The validation procedure is done by visual inspection on the damaged buildings and from the available ground truth information.
2. Support Vector Machine Classification A supervised classification method, which is based on modern computational statistical learning concept [Sabareesh et al. (2006) ], Support Vector Machine (SVM) is also used for categorizing the damaged roof buildings from the non-damaged buildings in the present work. From the results shown in Fig 4(b) , it is observed that the classification efficiency is very much improved to 90% by this method.
Percentage area of damage
The percentage area of damage is calculated from the damaged portions thus segmented, by normalizing the damaged area with the total roof area as shown in equation (1).
Where P D is the percentage area of roof damage, A D is the damaged roof area and A T is the total roof area.
Results and Discussions
Classification Results
A precise identification of 82% efficiency is obtained using artificial neural network (ANN) while 90% efficiency using support vector machine (SVM) based classification when wavelet feature extraction is used. But using ordinary feature extraction only very less efficiency of 60% are obtained using artificial neural network (ANN) and 65% using support vector machine (SVM). For The result is shown in Fig. 4(a) and 4(b) .
The higher percentage of classification efficiency results in an accurate damage identification. Wavelet feature extraction provided an accurate identification of the damaged buildings than the conventional methods of feature extraction. At the same time a better classification was performed by SVM than ANN. The correlation factor is calculated and tabulated as shown in 
Conclusions
A rapid and accurate roof-damaged building identification was performed from post-disaster imageries alone. It is observed that by using Wavelet based feature extraction combined with SVM classification, 90% of accurate classification was possible while compared with conventional methods. Percentage area of roof damage with 0.8 correlation factor with the manually obtained visual interpretation data was measured obtained using texture-wavelet analysis on building roof tops, evaluates the accuracy of the method used. This accurate automatic detection of the damaged roof tops and the percentage area of damage, aids in a rapid risk reduction attempt soon after a disastrous tornado and immediate reconstruction by prioritization.
